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ABSTRACT

Biodiversity conservation is currently an important focus for forest and wildlife
management. The overall objective of this study was to compare the diversity of
invertebrates and vegetation in white-tailed deer food plots and natural forage areas for
white-tailed deer (Odocoileus virginianus) as indicators of biodiversity. Invertebrates
were chosen as the bio-indicator due to their magnitude of contribution to the biodiversity
in an ecosystem (Anderson, et al., 2004), ease of capture, and sensitivity to changes in
vegetative structure and quality (Hartley, et al., 2007). This study utilized five thinned
and burned forested pine sites, five perennial cool-season food plots, and five warmseason food plots located in the northern Piedmont region of South Carolina on the
Clemson University Experimental Forest. Invertebrates and vegetation were sampled at
each site in the spring and summer of 2007 and compared using ANOVA. Shannon
Diversity Index and Shannon Evenness measures were used to quantify diversity of both
vegetation and invertebrates. Pine sites had a higher percentage of bare ground than food
plots and a more even distribution of invertebrates. Pine sites also had a higher diversity
of invertebrate Orders than the cool-season sites. Based on preliminary results,
supplemental plantings for white-tailed deer in this study may not significantly affect the
biodiversity in the Clemson University Experimental Forest.

ii

DEDICATION

This thesis is dedicated to my family and closest friends. Without their love and
support this journey would not have been possible.

iii

ACKNOWLEDGMENTS

I would like to first acknowledge Dr. Larry Nelson. It is through his grace that I
was afforded the opportunity to attend Clemson University. He has profoundly impacted
my life, even if he was a part of it for too short of a time.
Secondly, I would like to thank my committee members for their patience and
guidance through this long process. Without their guidance I would have been lost.
Thank you to the South Carolina Department of Natural Resources, particularly
Mr. Ron Fleming for his technical expertise in food plot management, and for planting
and maintaining the food plots used in this study. Thank you also to Mixon Seed
Company for their donation of seed for the food plots. Thank you to Mr. Knight Cox,
Clemson Experimental Forest Manager, for providing the pine sites needed. Thank you
also to the Wade Stackhouse Fellowship committee who provided the financial support
for this project. Thank you also to Baba (Robin Hoerner) for his assistance in designing
and building the collection box used in the field.
I would also like to thank my “field technicians”, John Thrift and Robin Porter,
who helped complete this project in a timely manner. The project would also have been
impossible without my “lab technicians”, Robin Porter and West Bishop. I would like to
thank Dr. Larry Grimes for assisting me with my statistics and helping me make sense of
the project. I would also like to thank Richard Porter for his help in formatting and
working out the little “kinks”. Finally, I would like to thank Steve Hall for helping with
GIS.

iv

TABLE OF CONTENTS
Page
TITLE PAGE .................................................................................................................... i
ABSTRACT ..................................................................................................................... ii
DEDICATION ................................................................................................................iii
ACKNOWLEDGMENTS .............................................................................................. iv
LIST OF TABLES ......................................................................................................... vii
LIST OF FIGURES ......................................................................................................viii
CHAPTER
I.

INTRODUCTION ......................................................................................... 1
Biodiversity Conservation ....................................................................... 1
Biodiversity Indices ................................................................................. 2
Feeding Ecology of White-tailed Deer .................................................... 4
Native Forages of White-tailed Deer ....................................................... 5
Supplemental Plantings for White-tailed Deer ........................................ 6
Advantages and Disadvantages of Supplemental
Plantings for White-tailed Deer ......................................................... 6
Study Objectives ...................................................................................... 8

II.

METHODS .................................................................................................... 9
Site Selection and Preparation ................................................................. 9
Vegetation Sampling .............................................................................. 11
Invertebrate Sampling ............................................................................ 12
Browse Determination ........................................................................... 13
Statistical Analysis ................................................................................. 14

III.

RESULTS .................................................................................................... 16
Vegetative Diversity .............................................................................. 16
Invertebrate Diversity ............................................................................ 18
White-tailed Deer Browse...................................................................... 20

v

Table of Contents (Continued)
Page
IV.

DISCUSSION .............................................................................................. 22
Vegetative Diversity .............................................................................. 22
Invertebrate Diversity ............................................................................ 24

V.

CONCLUSIONS AND MANAGEMENT
RECOMMENDATIONS ....................................................................... 26

LITERATURE CITED .................................................................................................. 38

vi

LIST OF TABLES
Table

Page

1

Average percent cover of bare ground and vegetation
(preferred, utilized, not utilized) for each site as classified
by white-tail deer (Odocoileus virginanus) usage on the
Clemson Experimental Forest (2007). ................................................... 33

2

Percent cover of vegetative growth habit found in the coolseason and pine sites during the April collection period ....................... 34

3

Percent cover of vegetative growth habit found in the warmseason and pine sites during the July collection period ......................... 35

4

Percentage of individuals collected in each invertebrate order
found in cool-season and pine sites during the April
collection period..................................................................................... 36

5

Percentage of individuals collected in each invertebrate order
found in warm-season and pine sites during the July collection
period ..................................................................................................... 37

vii

LIST OF FIGURES
Figure

Page

1

Map of research sites including pine, cool-season, and warmseason on the Clemson Experimental Forest. . ...................................... 28

2

Vegetative species richness in cool-season, warm-season and
pine sites. The figure shows the number of species present
in each site type. Comparison of species richness in coolseason sites verses pine sites and warm-season sites verses
pine sites in two sampling periods. ........................................................ 29

3

Average percent cover of bare ground and vegetation (preferred,
utilized, not utilized) for each site as classified by whitetailed deer, Odocolieus virginianus, usage. ........................................... 29

4

Comparison of invertebrate richness, at the order and family
level of classification, in cool-season verses pine sites and
warm-season verses pine sites in two sampling periods. ....................... 30

5

Comparisons of invertebrate order and family diversity between
sites according to the Shannon Diversity Index. .................................... 30

6

Comparison of invertebrate order and family evenness between
sites according to the Shannon Evenness Index. ................................... 31

7

Comparison of invertebrate dry weights sampled form each site ................ 31

8

Comparison of browse pressure within each site measured in
terms of the vegetative dry weight difference between inside
the exclosure and outside of the exclosure ............................................ 32

viii

CHAPTER ONE
INTRODUCTION

Biodiversity conservation currently is an important focus of forest and wildlife
management. Forest managers have been implementing sustainable management
practices and research has been conducted on forestry management effects on
biodiversity at the landscape level. However, few research efforts have addressed the
effects of wildlife management practices on biodiversity at the landscape level,
particularly the use of supplemental plantings to produce quality animals for hunting
(Brown and Cooper, 2006).
Biodiversity Conservation
The concept of biodiversity conservation has matured since the term was first
coined by E.O. Wilson in 1988. In the beginning of the term’s mainstream usage a large
majority of non-scientists viewed biodiversity as a “smoke-screen” used by
environmentalists and land managers to lock up large amounts of land in preserves and
refuges (Noss, 1990). Biodiversity is currently viewed by the majority of Americans as
something that is important and needs to be conserved (Nash, 1983). It is rooted in the
ideals of those who are concerned about its decline on all levels (Noss, 1990). It has
become a popular topic in recent years, particularly in the area of sustainability
(Neumann and Starlinger, 2001).
Biodiversity is most commonly defined as the diversity of life at all of its levels,
ranging from genetic variability to entire ecosystems (Hunter, 1996). The most common

connotation of biodiversity is the conventional approach in which species are elements of
a community. In this approach, biodiversity is the combination of two factors, the
number of species present and the distribution of individuals among the species (Elliot,
1990). However, biodiversity conservation is more than just species richness and has
three main components: composition, structure, and function, which are incorporated in
all levels of organization (Noss, 1990). Conservation of biodiversity, for this reason,
requires preserving ecosystem integrity at the landscape level, which can be
accomplished by maintaining species composition and biodiversity at the historical range
(Lindenmayer, et al., 1999).
Biodiversity Indices
Biodiversity is a very complex concept, and although there are many thoughts as
to how to measure biodiversity there is no universally accepted process (Guynn, et al.,
2004). Researchers often use indices to create quantitative measures of biodiversity that
can be used to compare and monitor sites (Elliot, 1990). It is thought that biodiversity
can be studied using several different types of indicators. Indicators can be divided into
three types: condition, pressure and policy response. Condition type indicators describe
the current state of a resource. Pressure indicators describe the amount of pressure that a
resource can endure before an effect in the condition is observed. Policy response
indicators deal with the anthropogenic side of biodiversity and catalog the existence of
written policies that may deal with a particular issue (Hagan and Whitman, 2006). For
the purpose of this study condition indicators are the only indicators that were utilized.
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There is a wide array of condition type indicators that can be used in the study of
biodiversity. Bryophytes, vascular plants, invertebrates, and birds have all been used to
monitor biodiversity (Sauberer, et al., 2004). According to Hagan and Whitman (2006),
within the arena of land management, there are five criteria that need to be considered
when choosing an appropriate indicator for measuring biodiversity. These five criteria
include whether or not the indicator has scientific merit, whether it has ecological
breadth, whether it is practical, whether it can be utilized by managers and policymakers
and whether or not it is relevant.
Most often vertebrates and flowering plants are used to estimate the total
biodiversity in an area. This is due to the perceived notion that invertebrate sampling is
time consuming, and one must be a specialist to identify accurately. It has been found
that while specialists can identify specimens into recognizable taxonomic units (RTUs)
quicker, accuracy for untrained individuals classifying into RTUs is quite good (Oliver
and Beattie, 1993). According to Andersen, et al., (2004) the magnitude of contributions
to biodiversity by invertebrates makes them irreplaceable in biodiversity studies;
therefore, the indicator has ecological breadth and scientific merit. This study will focus
on invertebrates and vascular plants as indicators of biodiversity due to their ease of
collection and contribution to biodiversity.
Invertebrates, particularly insects are sensitive to vegetative structure and quality
and changes in both (Hartley, et al., 2007), which may make them a more reliable
indicator of practices influencing biodiversity. The pine sites used in this study were
burned in early spring of the sampling year, which may or may not affect the invertebrate
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community of the study sites. Some insects do have adaptations to fire which include
being able to flee the area and/or having a less susceptible life stage at the time of a fire
(Frost, 1985). The effects of fire on arthropods have shown conflicting results in past
studies, which may be due to the intensity and frequency of a fire and what species
compose both the invertebrate and vegetative communities.

Hartley, et al. (2007)

recently reported that fire resulted in no direct negative effects on arthropod abundance or
diversity.
Feeding Ecology of White-tailed Deer
This study will analyze planted and natural forage areas for white-tailed deer
(Odocoileus virginianus). White-tailed deer have four basic requirements for life, as all
living things do, food, water, space and shelter with the food requirement being broken
down further into energy, protein, minerals and vitamins (Brown and Cooper, 2006).
Crude protein is a major requirement for the maintenance of health and growth in whitetailed deer. Adult bucks have a requirement of 4% crude protein to maintain their health,
but a 10% requirement for growth (Asleson, et al., 1996). Weaned fawns require 13-20%
crude protein in their diets (Ulrey, et al., 1967). Even with these requirements, presettlement forests were thought to have been able to provide high quality habitat for
white-tailed deer (Brown and Cooper, 2006).
White-tailed deer may be classified as “concentrate selectors” (Kammermeyer, et
al., 2006). As a concentrate selector, white-tailed deer will eat the highest-quality forage
first and then work their way down in preference levels and nutritional value as highquality browse species become scarce (Brown and Cooper, 2006). White-tailed deer
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browse on leaves, buds, and stems of woody plants. They also consume broadleaf weeds,
fresh grass and other forbs, which are preferred if available (Spinazzola, 2006).

As a

species white-tailed deer browse on a variety of species raging from non-native food
plots to native vegetation (Edwards, et al., 2004), and are capable of surviving periods
when food is in short supply (Brown and Cooper, 2006).
Native Forages of White-tailed deer
Deer typically use open lands as a food source (Spinazzola, 2006). Preferred
native forages include beggar’s lice (Desmodium ciliare), ragweed (Ambrosia
artemisiifolia), yellow popular (Liriodendron tulipifera), winged elm (Ulmus alata),
flowering dogwood (Cornus florida), sparkleberry (Vaccinium arboretum), catbriar
(Smilax bonanox), muscadine (Vitus rotundifolia), and blackberry (Rubus argutus)
(Edwards, et al., 2004).
In the southeastern United States, unmanaged forests produce forage for whitetailed deer that is very low in nutritional value. This is due to the often dense mid-story
and a thick litter layer. Both of these typical characteristics of an unmanaged forest
prevent high-quality forage items from growing because of the lack of light (Edwards, et
al. 2004). Conversion of dense, woody mid-stories and thick litter layers to a productive,
high-quality habitat for white-tailed deer can be done through the use of the Quality
Vegetative Management System, which many land management agencies have adopted.
In this system herbicide treatments and prescribed burning are combined for a costeffective method to manage for high-quality forage species for white-tailed deer and
other game animals (Edwards, et al., 2004).
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Supplemental Plantings for White-tailed Deer
Management of large game animals in the United States has become popular and
often includes the use of supplemental plantings (McBryde, 1995). Typical plantings for
white-tailed deer include both warm-season and cool-season plantings. Warm-season
plantings are planted in the spring and early summer, after last frost, and remain available
for deer forage until the first frost of the year. Cool-season plantings are planted in the
fall and grow and remain viable through the winter and mature in the following early
spring or summer. Some cool-season species, red and white cool-seasons and alfalfa, can
also double as warm-season plantings (Kammermeyer, et al., 2006).
Plantings for white-tailed deer include both perennials and annuals. Perennials,
which persist for two or more years, are generally recommended for the northern part of
the United States, while annuals are recommended for the southern region of the United
States, including the study area for this project (Kammermeyer, et al., 2006). Annual
species, which persist for only one growing season, that are typically planted for whitetailed deer in the south include lupine, winter pea, oats, sorghum, soybeans, and wheat
(Kammermeyer, et al., 2006).
Advantages and Disadvantages of Supplemental Plantings for White-tailed Deer
There are many advantages and disadvantages of supplemental plantings for
white-tailed deer in the southeastern United States. Disadvantages may include failure of
plantings, cost of plantings, and inflated carrying capacity of target species.
Recommended annual plantings for white-tailed deer may not survive if the proper
amount of rainfall is not received and if temperatures become too warm (Feather and
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Fulbright, 1995). Perhaps the most argued reason against food plots is their ability to
artificially inflate the carrying capacity of white-tailed deer, which in a larger context
may have detrimental effects to ecosystem health. It is thought that food plots may cause
some individuals to stay in areas that are no longer suitable habitat. This may lead to the
overutilization of high quality forages and under utilization of low quality forages which
could alter the native vegetative community of an area (Brown and Cooper, 2006).
Advantages of supplemental plantings have been reported to include more
consistent availability of nutrients to the deer herd being managed, higher quality of
available nutrition and lower beginning costs. Vegetation that occurs naturally varies in
its nutritional value throughout the year. It is most nutritious during the spring and least
nutritious during the summer and fall. Planting supplemental annual crops may help
provide needed nourishment during times of stress (Feathers and Fulbright, 1995). Iron
and clay cowpeas, along with almost all other recommended plantings for white-tailed
deer, contain a large amount of crude protein, which may help produce more trophy
bucks (Edwards, et al., 2004). The conversion of unmanaged southeastern pine forests to
high-quality white-tailed deer habitat is initially expensive through the use of mechanical
control and prescribed burnings (Edwards, et al., 2004).
Food plots have the potential to improve habitat and overall herd health for whitetailed deer, but they may also be utilized by non-game species. If it is found that they are
a source for a higher diversity of invertebrates this may have a positive effect on many
other wildlife species. The eastern wild turkey (Mellagris gallapavo) is known to utilize
insects and snails before egg production (Pattee and Beasom, 1981), and grassland birds,
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who are mainly granivorous, consume spiders, orthopterans, beetles, and lepidopterans as
primary prey items during breeding season (McIntyre and Thompson, 2003).
Study Objectives
Whatever reasons a person may or may not have to plant a food plot for wildlife,
the fact remains that there has been no research examining the effects of food plots on the
biodiversity of ecosystems in the area where they are planted. The overall goal of this
study is to compare biodiversity in supplemental plantings and native plant communities
utilized by white-tailed deer within the northern Piedmont region of South Carolina. The
specific objectives are to:
1. Determine the diversity of plant species in both supplemental planting
communities and thinned and prescribed burned sites in the northern Piedmont
region of South Carolina.
2. Determine the diversity of invertebrate species in both supplemental planting
communities and thinned and prescribed burned sites in the northern Piedmont
region of South Carolina.
3. Determine whether there is a difference in biodiversity between cool and
warm-season plantings in both supplemental plantings and thinned and
prescribed burned sites in the northern Piedmont region of South Carolina.
It is hypothesized that the thinned and burned pine sites will have a greater diversity of
plant species and invertebrate species as compared to cool-season and warm-season
supplemental plantings for white-tailed deer.
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CHAPTER TWO
METHODS

Site Selection and Preparation
This study utilized fifteen sites located in pine-hardwood forests in the northern
Piedmont region of Anderson County, South Carolina on the Clemson University
Experimental Forest.

All of the sites were part of the Cecil-Hiawassee-Madison

Association of soils, with minor Cataula association. This association is characterized by
gently sloping to strongly slopping, moderately deep to deep, well drained soils and
makes up about 73% of the soils present in Anderson County, SC.

The Cataula soil

association can be found on the ridges and is well suited for cultivated crops, as well as
pasture and woodlands (USDA 1979). The research sites also had similar climatic
conditions. This study was conducted during a period of drought in the piedmont of
South Carolina. The annual precipitation of the area during 2007 was 27.43 inches, while
historically average annual precipitation is between 47-50 inches.

Sites were

approximately 1/3 acre in size, large enough to support a 1/10 acre circular sampling area
(Figure 1).
Five thinned and prescribed burned pine forest sites, referred to throughout the
thesis as pine, were located in similar areas throughout the study area. Pine sites were
defined as having a basal area of 60 sq/ft per acre and having been prescribed burned
within the year, utilizing a cool winter burn. The sites were approximately 1/3 acre in
size, large enough to support a 1/10 acre circular sampling area. Pine sites were chosen
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because this is the most common habitat type that is managed for white-tailed deer in the
Southeast.
Five established cool-season plots, two years of age, were also located within the
study area. All five sites had been disked in early summer 2005. The sites were
fertilized using 0-24-24 fertilizer at a rate of 400 lbs. per acre in mid-September 2005.
The fertilizer was then incorporated and the site was smoothed using a Perfecta® II
cultivator. The cool-season was planted using a Brillion® Cultipacker seeder in midSeptember 2005.

Two of the five sites were planted with a mixture of Imperial

Whitetail® Ladino white cool-season (Trifolium repens), Durana white cool-season
(Trifolium repens) and chicory (Cichorium intybus). For this study these two sites will be
referred to as cool-season #1 and cool-season #2. One plot was predominately Durana
white cool-season, which will be known as cool-season #3. One plot was a Durana white
cool-season, chicory, and crimson cool-season (Trifoilum incarnatum) mix, which will be
known as cool-season #4. The final cool-season plot was Imperial Whitetail® Ladino
white cool-season and alfalfa (Medicago sativa) mix which will be known as cool-season
#5. The plantings present in each plot were representative of wildlife plantings on the
Clemson Experimental Forest. All cool-season sites received lime at a rate of 100 lbs.
per acre in August of 2006, and were fertilized for a second time in September 2006 with
0-24-24 at a rate of 400 lbs. per acre. In April of 2007, before sampling occurred, coolseason #4 was being invaded by ryegrass. It was sprayed with Poast Plus® (BASF
Corporation) herbicide at a rate of 2 pints per acre in an attempt to control the problem.
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The herbicide was ineffective and it was determined that the ryegrass was in fact an
herbicide resistant variety.
Five sites planted in yellow grain sorghum (Sorghum bicolor) and iron and clay
cowpeas (Vigna unguiculata) for warm-season plantings were also used in this study.
They were located in the same geographic area as the cool-season and pine sites. The
warm-season sites were disked in March of 2007. The sites were then fertilized with 1010-10 at a rate of 300 lbs. per acre in late spring and the fertilizer was incorporated using
a Perfecta® II cultivator, and the sites were then planted in mid-May. The iron and clay
peas were planted at a rate a 40 lbs. per acre and the yellow grain sorghum at a rate of 20
lbs. per acre using a Tye® grain drill.
Vegetation Sampling
To determine plant diversity in each plot and the diversity between plots the
presence and percent cover of flora species were recorded (Pitkanen, 1998).

Five

uniformly distributed 1 meter square plots were used for vegetation sampling in each site.
The meter plot was marked through the use of a vegetation frame constructed of PVC
plastic.

Vegetation was sampled 5 meters from the plot center at 70 degree increments

(Harper, 1998). The presence of a plant species was recorded and the percent coverage
of the species within the plot was estimated and recorded. Each species was also rated
and recorded as a level of preference (preferred, utilized, not utilized) as a forage species
of white-tailed deer.
The established cool-season plots vegetation was sampled April 27-30, 2007.
Vegetation within the warm-season sites was sampled July 17-19, 2007. For a paired
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comparison, pine sites were sampled during the same time period as the supplemental
planting sites. The pine sites were sampled April 27-30, 2007, for comparison with the
cool-season vegetation, and then sampled July 17-19, 2007 for comparison with the
warm-season vegetation.
Invertebrate Sampling
To determine invertebrate diversity present in each plot and the diversity between
plots, presence and abundance of invertebrate species was recorded. Invertebrate
sampling occurred during the same week to ensure that the sampling period was shorter
than the life cycle of most invertebrates (Murkin et al., 1996). Five insect samples were
collected for each site. Insects were sampled using a lightweight portable vacuum and a
generator. All samples were collected using a 0.25m2 box with no bottom and a lid
(Harper, 1998). The 5 samples were treated as sub-samples of each site and averaged.
Each sub-sample was collected 5 meters from the plot center and at 70° increments to
ensure uniformity.

The researcher placed the box in front of her capturing all

invertebrates. The portable vacuum was then used to draw in all material, including
invertebrates, down to the mineral soil, and placed in a sample bag (Harper, 1998).
Invertebrates were sampled at the same time as vegetation. In the cool-season plots
invertebrates were sampled from April 27-30, 2007 and in warm-season plots they were
sampled from July 17-19, 2007.
For a paired comparison the pine sites had to be sampled at the same time as the
supplemental planting sites.

The pine sites were sampled April 27-30, 2007, for

comparison with the cool-season vegetation and the sampled July 17-19, 2007 for

12

comparison with the warm-season vegetation. Since the pine sites were sampled twice,
the location of vacuum sampling had to be relocated for the second sampling. When the
pine site was sampled for invertebrates the first time they were sampled at 70°
increments starting at 0°. The second time that the site was sampled for invertebrates
they were still taken at 70° increments but increments started at 15°. This assured that
the same area was not sampled twice within the study period.
All sample-bags were placed in a 60°

oven for 48-hours. The bags were then

dumped into trays and the invertebrates were separated from the litter material through
the use of sieves. The insects were identified to Order and Family and then weighed.
Browse Determination
Randomly placed, exclosures with a one-meter diameter were used in each plot to
determine browsing pressure at the study sites.

Exclosures were placed on the cool-

season planting sites and pine sites in April 2007 and on the warm-season plantings in
June 2007. The exclosures were sampled on the cool-season sites and pine sites at the end
of June.

The vegetation within the exclosure was cut and placed in paper bags.

Vegetation from outside the exclosure within a 1 meter area was also cut and placed in
bags. The vegetation was dried in a 60°C oven for 48-hours. The vegetation within the
bags was then weighed. The exclosures on the pine sites were then relocated within the
sample area so that they could be sampled an additional time. The warm-season sites and
the pine sites were sampled in July 2007 and then again in September 2007 in an attempt
to capture more of the growing season.
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Statistical Analysis
Species diversity for invertebrates was determined using the Shannon diversity
index, species richness, and the Shannon measure of evenness. The Shannon index
summarizes the relative abundance of species (H’) without regard for species names or
differences between species and is thought to emphasize the richness component (Ricotta
2002 and Nagendra 2002). The distribution of individuals collected among species,
referred to as evenness (J’) was also determined. It is calculated by dividing the diversity
H’ by the natural log of the total number of species present S (Magurran, 2004). The
closer the evenness value is to 1.0 the more evenly distributed species are within the site.
The Shannon Index was chosen over the Simpson Index, another common index used to
measure biodiversity, due to the type of data collected during this study. The Shannon
index itself has two main assumptions. One, individuals are randomly sampled from an
infinity large community and two, that all species are represented in the sample
(Magurran, 2004).
Invertebrate diversity data were compared through the use of the statistical
analysis program, SAS 9.1.

The PROC Univariate function was used to test for

normality in the Shannon diversity index and Shannon evenness invertebrate data.
Analysis of variance (ANOVA) was used to test for differences between sites. Species
richness was analyzed in a different manner due to the fact that it is a discrete measure.
For this reason PROC Glimmix and the Poisson distribution were used to test for
differences between the sites for order richness and family richness.
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The percentage of invertebrates that were contained within each order of every
site was also determined. This was calculated to determine if there was a difference
between the numbers of invertebrates in each order between sites. Due to the low sample
sizes and lack of reliability of a statistical test the data were qualitatively described.
Vegetative data were also compared between sites. PROC Glimmix was used to
test for differences in species richness between sites.

Vegetation was then ranked

according to its known use as forage by white-tailed deer. Vegetation that is known as a
preferred browse of white-tailed deer in the southeastern United States was assigned the
value of 2, vegetation known to be utilized but not preferred by white-tailed deer was
assigned the value of 1, and vegetation that is not known to be utilized by white-tailed
deer in the southeastern United States was assigned the value of 0. Browse preference
was assigned according to the findings previously published (Miller and Miller, 1999;
Harlow and Hooper, 1971; and Martin, et al., 1951). The percentage of different cover
types for each site was then tested for normality using the PROC Univariate function
within SAS 9.1 and compared between sites using ANOVA (SAS 2006).
Vegetative data were also grouped by major plant categories (grass, forb, grasslike, shrub/vine, woody deciduous, woody evergreen, and bare ground). The groupings
included grass, forb, shrub and vine, grass-like, woody deciduous, woody evergreen, and
bare ground. The assemblages were then compared between sites. Due to the scarcity of
data and lack of reliability of a statistical test the data were qualitatively described.
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To determine browse pressure within the study plots the difference in dried
vegetative weight was calculated. The differences between the dried weights for each
site were compared between sites using ANOVA.
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CHAPTER THREE
RESULTS

Vegetative Diversity
Vegetative species richness was determined for each site including the coolseason plantings and warm-season plantings and was then compared to pine sites sampled
in the same time period using GLIMMEX and the Poisson distribution (Figure 2). The
vegetative species richness was not significantly different between the cool-season sites
and the pine sites (p=0.77, α=0.10), but was significantly different between the warmseason sites and the pine sites (p=0.06, α=0.10). The warm-season sites had significantly
lower species richness than the pine sites.
The coverage of species ranked according to white-tailed deer preferences were
then analyzed using ANOVA (Figure 3) (Table 1). When comparing the cool-season
sites to the pine sites there was a significant difference in coverage of preferred browse
species for white-tailed deer (p=0.0001, α=0.10). The cool-season sites were 75.4±3.97%
covered in vegetation known as a preferred browse for white-tailed deer, while the pine
sites were 6.64±1.86%. There was a significant difference found between the coolseason and pine sites in vegetation that is utilized by white-tailed deer but not preferred
(p=0.58, α=0.10) and in vegetation that is not known to be eaten by white-tailed deer
(p=0.08, α=0.10). The cool-season sites had a higher percent cover of vegetative species
not known to be eaten by white-tailed deer 16.52±2.93% than the pine sites with a
percent cover of 3.28±0.53%. The pine sites had a percent cover of vegetative species

17

utilized by white-tailed deer but not preferred of 8.76±2.87%, while the clover sites had a
percent cover of 4.84±0.99%. There was also, a significant difference when comparing
the percent coverage of bare ground (p=0.0001, α=0.10). The cool-season sites were
3.12±0.73% bare ground while the pine sites were 81.32±5.05% bare ground.
When comparing the warm-season sites to the pine sites in July, there was no
significant difference between sites in preferred browse species (p=0.14, α=0.10) or in
the vegetative species not used by deer (p=0.44, α=0.10). There was a significant
difference in the percent cover of the vegetative species that are known to be eaten by
deer but not preferred (p=0.05, α=0.10). The warm-season site had a higher percent
cover of species utilized by deer (39.12±4.55%) than the pine site (12.88±0.98%). There
was also a significant difference in the percent of bare ground in each plot (p=0.002,
α=0.10). The warm-season sites averaged only 12.76±3.16% of bare ground, while the
pine sites averaged 64.92±3.99% of bare ground.
When the vegetative data were grouped by major plant category some interesting
trends were observed. The cool-season sites had a much higher percent coverage of forbs
and a much lower percentage of bare ground than the paired pine sites, but that was the
predominate makeup of the site. The pine sites have a more diverse assemblage of
vegetation with shrubs and vines and woody vegetation present (Table 2). The same
trend can be seen when comparing the warm-season and pine sites (Table 3). The pine
sites again had a higher percentage of bare ground, but they also exhibited a more diverse
assemblage of growth habits then the warm-season sites, for the vegetation that was
present. The warm-season plots were predominately comprised of grasses and forbs,
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which were mostly planted making up 67.4% of the cover in warm-season #2 to 100% of
the cover in warm-season #5. The maximum coverage observed by grasses and forbs in
the pine sites was 38.6% in pine #3. The other growth habits ranged in coverage from
3.2% in pine#1 to 35% in pine #5, and accounted for a maximum of 1% coverage in the
warm-season sites.
Invertebrate Diversity
The Order and Family richness was determined for each site including the coolseason plantings and warm-season plantings and then compared to the pine site sampled
in the same time period using GLIMMEX and the Poisson distribution (Figure 4). There
was no significant difference found in the order richness between the cool-season and the
pine (p=0.52, α=0.10) or between the warm-season and the pine site (p=0.67, α=0.10).
There was also no significant difference between the family richness in comparing the
cool-season and pine sites (p=0.53, α=0.10) or in comparing the warm-season and pine
sites (p=0.43, α=0.10).
The Shannon Diversity Index was calculated and compared for the corresponding
cool-season and pine sites and for the corresponding warm-season and pine sites. The
Shannon Diversity Index gives the diversity (H’) within an area by determining the
probability of collecting two like individuals within that area (Magurran, 2004). There
was a significant difference detected in the Diversity Index of the cool-season sites and
the pine sites at the Order level (p=0.04, α=0.10). The mean diversity in the cool-season
sites at the Order level was 0.61±0.04 and in the pine sites it was 0.95±0.05. No
significant difference was detected at the family level (p=0.15, α=0.10). There was also
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no difference between the warm-season and pine sites at the order level (p=0.46, α=0.10),
or at the family level (p=0.60, α=0.10) (Figure 5).
Shannon Evenness values were calculated and compared for the paired coolseason and pine sites and for the paired warm-season and pine sites. The Shannon
Evenness index determines the distribution of the number of individuals collected in each
Order or Family. A significant difference was found when comparing the cool-season
sites to the pine sites at the Order level (p=0.05, α=0.10). The pine sites had a mean
evenness value of 0.77±0.03 and the cool-season sites had a mean evenness value of
0.53±0.04. A significant difference was also found in the evenness values at the Family
level of organization (p=0.09, α=0.10) for the cool-season and pine comparison. The
pine sties were found to be more even (0.87±0.02) than the cool-season sites (0.49±0.04).
When comparing the evenness between the warm-season sites and the pine sites there
was a significant difference at the Order level of organization (p=0.03, α=0.10). The
warm-season site had an evenness value of 0.63±0.03 and the pine had an evenness value
of 0.82±0.02. No significant difference was detected at the Family level of organization
(p=0.57, α=0.10) (Figure 6).
The dry weight of the invertebrates was measured to determine if there were
differences in the amount of biomass between the cool-season and pine sites and the
warm-season and pine sites.

The cool-season and pine sites were not significantly

different in biomass (p=0.45, α=0.10), as well as the warm-season and pine sites (p=0.99,
α=0.10) (Figure 7).
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When invertebrates were grouped by percent of sample by Order, additional
information becomes more evident. There was a very low sample size so a reliable
statistical test could not be conducted, but observations are still warranted.

When

observing the cool-season and corresponding pine sites, Coleoptera (beetles) was the
dominate invertebrate Order across the majority of the sites, both cool-season and pine.
Orthoptera (crickets and grasshoppers), Odonata (dragonflies) and Stylommatophora
(land snails) were only collected in the pine sites (Table 4). When observing the warmseason and pine sites from the July sampling season, Coleoptera appears to be the
dominate Order present at most sites with the exception of warm-season #2, #3 and #4
where Hymenoptera (ants) was dominate. Stylommatophora, Julida and Lithobimorpha
(centipedes) and Odonata were only present in the pine sites, but Aranane (spiders),
Isopoda (pillbugs) and Orthoptera were only sampled in the warm-season sites (Table 5).
White-tailed Deer Browse
The browsing pressure that was exerted on each site was measured through the
use of exclosures placed on each plot. The difference between the vegetation cut and
weighed within the exclosure, and the vegetation cut and weighed outside of the
exclosure was calculated. The differences can be seen in Figure 8. No significant
difference was detected at the 0.10 level of significance for the warm-season sites
(p=0.64) and the pine sites (p=0.68). No significant difference was detected in the pine
sites paired with the cool-season sites (p=0.87, α=0.10), but there was a significant
difference between outside and inside exclosure measurements in the cool-season sites
(p=0.01, α=0.10). The mean of the difference between sites was -55.62±6.76. The
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negative number actually indicates that the amount of vegetation collected was greater on
the outside of the exclosure rather than on the inside of the exclosure, which is counter
indicative of browse. Although the excloures failed to detect browse pressure by whitetailed deer in the study sites, there were visual signs of white-tailed deer browse (Figure
8).
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CHAPTER FOUR
DISCUSSION

Vegetative Diversity
There was no difference found in the vegetative species richness between the
thinned and burned forested area and the cool-season supplemental plantings.

This

finding seems unusual in that one would generally expect to find a higher species
richness in an area that has not been planted in an agricultural type manner. One would
expect the result seen when comparing the warm-season plantings to the pine sites, in
which the pine sites had significantly higher vegetative species richness. There are many
factors that may have contributed to this fact, one of which is that the food plots were not
managed in the preferred method, no herbicide was applied, due to the lack of
precipitation during the time of the study. If herbicide is applied when the weather is too
hot, too cool or droughty the herbicide is usually not effective (Krammermayer, et al.,
2006).

Therefore non-preferred, non-cultivated species were allowed to persist, when in

other conditions they may have been eliminated. Also, the lack of precipitation may have
contributed to the delayed recovery of the herbaceous understory growth of vegetation in
the sites that had been thinned and burned in the spring. A longer length of time between
the prescribed burn in the pine sites and sampling may explain the higher species
diversity seen in the pine sites as compared to the warm-season sites.
One would expect a higher percent cover of preferred browse species in an area
that had been planted to attract white-tailed deer. There was a significant difference seen
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between the cool-season and pine sites with cool-season having the higher coverage of
preferred browse species. There were no differences between the warm-season and the
pine sites, which was unexpected. Again, this may be due to the fact that herbicide was
not applied to the warm-season plots as would normally occur allowing non-preferred
species to persist.
There was a significantly higher percentage of bare ground within the pine sites as
compared to either of the food plots. This was expected in that food plots are agricultural
plantings. The seeds are drilled into the ground in closely spaced intervals while still
allowing enough space for maximum growth of the plant. One would expect more bare
ground in the more natural, non-agricultural setting. The percentage of bare ground may
decrease as time passes between the time of the burn and sampling. Bare ground is of
importance to invertebrates though, which use it for hunting, basking, burrowing and
nesting (Meek, et al., 2002) Bare ground is also of importance to other wildlife species
such as the bobwhite quail (Colinus virginianus) who need the openings to search for
seeds and insects (Mississippi State University Extension Service 2007).
The percentages of major plant categories may be an area where more research
needs to be conducted. Invertebrates may be influenced more by the functional plant
groups in an area than by species richness of vegetation.

It has been found that

grasshoppers are more abundant in areas where more than one plant group was present if
grass was absent from the area (Specht, et al., 2008). To determine the effect of plant
groups on invertebrate diversity individual studies on particular invertebrate species
would have to be conducted, which is beyond the scope of this study.
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Invertebrate Diversity
No difference in invertebrate richness was found between the supplemental
planting sites and the forested sites. When comparing the diversity indices of the sites the
pine sites had a higher diversity index than the warm-season sites.

There was no

difference detected in the diversity between pine and warm-season sites. To make any
inferences as to why the diversity was higher in the pine sites as compared to the coolseason sites, the Order composition present in both sites needs to be observed.
Orthoptera, Odonata, and Stylommatophora were only collected in the pine sites. This
may correlate to the vegetative cover that was present in the pine sites, consisting mostly
of bare ground and containing more shrubs/vines and woody vegetation than the coolseason sites. Based on the invertebrate groups in question, there are many factors that
can affect their abundance. Land snail abundance can be affected by the amount of
coarse woody debris present, soil pH, and soil properties such as the amount of organic
carbon, total nitrogen, calcium and potassium (Kappes, et al., 2006).

Orthoptera

abundance can be affected by vegetation assemblage, habitat breadth and diet breadth
(Specht, et al., 2008). Habitat choice and population dynamics of invertebrates is highly
dependent on microclimate and food availability (Scheir, 2006). Further research would
need to be conducted at the sites to determine the main causes of variance in the
particular invertebrate group of question.
Evenness measures how equitable the distribution of individuals sampled are
across Orders or Families. The pine sites were more even in invertebrates at the Order
level as compared to both food plots and at the Family level when compared to the warm-
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season food plots. The cool-season sites had more individuals contained within Order
Coleoptera accounting for 28.05% to 87.50% of the individuals collected. The warmseason sites had individuals contained mostly in the Order Coleoptera and the Order
Hymenoptera. Again, distribution of invertebrates is dependent on many variables and
further research would need to be conducted to draw conclusions as to why there was a
difference in evenness observed between treatment types.
It is important to emphasize in the discussion of the findings of this study that
data collection occurred during a period of drought in the piedmont of South Carolina.
The annual precipitation for the area in 2007 was 27.43 inches compared to 46.69 inches
in 2006 and 54.09 inches in 2005. This prevented the application of herbicides in the
food plots, may have affected the growth of the food plots, possibly slowed the re-growth
of herbaceous species in the forested areas, may have affected white-tailed deer browse
habits, and possibly could have affected invertebrate populations.
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CHAPTER FIVE
MANAGEMENT RECOMMENDATIONS AND CONCLUSIONS

The results of this study may indicate that supplemental plantings do not
significantly affect the biodiversity of the forest ecosystem in which they are located,
using invertebrates as the biodiversity indicator. It is unlikely though that a single
indicator, in this case invertebrate diversity, can accurately describe the status of the
biological diversity in any ecosystem. The use of multiple indicators that analyze various
aspects of biodiversity over appropriate temporal and spatial scales would perhaps be a
better indicator (Guynn, et al., 2004).
Ecosystems are very complex and the relationship between vegetation and
invertebrate diversity needs to be studied in greater detail (Osborn, et al. 1999). A
diversity index is only one descriptor for the biodiversity in a community. It may help
summarize the condition of a community but may not be very informative, and may in
fact sometimes be misleading (Noss and Harris, 1986; Pielou, 1975). Recent studies have
shown that species richness and diversity itself may not be as important as the funtional
groups that are present within an ecosystem (Specht, et al., 2008).
Future research should examine the ecological importance of invertebrates
sampled. The invasive fire ant (Solenopsis invicta) is treated the same as the shorthorned grasshopper (Valanga nigricornis) or other native invertebrates in the diversity
index used in this study. Future research may want to distinguish between the different
ecological value of invertberates when rating overall ecosystem health.
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It is also important to note that if an ecosystem is fragmented, the biodiversity
may stay the same or increase, but may be dominated by edge or invasive species. Little
research has been conducted on the effects of creating openings within forested habitats
that are utilized by nesting bird populations. It has been found though that bird nest
predators do utilize food plots to their advantage (Conner and Perkins, 2003).
In conclusion there are many advantages and disadvantages to implementing
supplemental plantings for white-tailed deer in a management plan, but, based on this
study, they do not seem to have an impact on the overall biodiversity of the surrounding
ecosystem. This is a peliminary study that has opened the door to many more questions
that will hopefully be examined more closely in the coming years.
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Figure 1: Map of research sites including pine, clover, and warm-season on the
Clemson Experimental Forest (2007).
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Figure 2: Vegetative species richness in cool-season, warm-season and pine sites on the Clemson
Experimental Forest (2007). This figure shows the number of species present in each site with no
duplications. Comparison of species richness in cool-season sites verses pine sites and warm-season
sites verses pine sites in two sampling periods was made.

Figure 3: Average percent cover of bare ground and vegetation (preferred, utilized, not utilized) for
each site as classified by white-tailed deer (Odocolieus virginianus) usage on the Clemson
Experimental Forest (2007).
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Figure 4: Comparison of invertebrate richness, at the order and family level of classification, in coolseason verses pine sites and warm-season verses pine sites on the Clemson Experimental Forest
(2007).

Figure 5: Comparison of invertebrate order and family diversity between sites according to the
Shannon Diversity Index on the Clemson Experimental Forest (2007).
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Figure 6: Comparison of invertebrate order and family evenness between sites according to the
Shannon Evenness Index on the Clemson Experimental Forest (2007).

Figure 7: Comparison of invertebrate dry weights sampled from each site on the Clemson
Experimental Forest (2007).
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Figure 8: Comparison of browse pressure within each site measured in terms of the vegetative dry
weight difference between inside the exclosure and outside of the exclosure on the Clemson
Experimental Forest (2007).
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April Cool
6.64 ± 1.86 %

75.4 ± 3.97%

Preferred

8.76 ± 2.87%

4.84 ± 0.99 %

Utilized

3.28 ± 0.53 %

16.52 ± 2.93 %

Not Utilized

81.32 ± 5.05%

3.12 ±0.73 %

Bare Ground

Level of White-tail Deer Preference

April Pine

12.76 ± 3.16 %
64.92 ± 3.99 %

8.76 ± 1.74 %
5.28 ± 0.78 %

39.12 ± 4.55 %
12.88 ± 1.97 %

39.76 ± 5.18 %
16.88 ± 3.57 %

34

July Warm
July Pine

Table 1: Average percent cover of bare ground and vegetation (preferred, utilized, not utilized) for each
site as classified by white-tail deer (Odocoileus virginianus) uasge on the Clemson Experimental Forest
(2007).

Site

Cool 2

Cool 3

Cool 4

Cool 5

Pine 1

Pine 2

Pine 3

Pine 4

Pine 5

0.00

1.40

2.00

38.00

0.00

1.60

2.60

15.20

4.40

0.00

Grass

90.00

89.60

95.80

58.00

100.00

0.60

1.60

4.40

46.00

0.00

Forb

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Grass-like

0.00

0.00

0.00

0.00

0.00

0.20

1.20

0.60

9.60

0.20

Shrub/Vine

0.00

0.00

0.00

0.00

0.00

1.40

1.00

0.80

1.60

0.40

Woody Deciduous

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Woody
Evergreen

10.00

9.00

2.20

4.00

0.00

96.20

93.60

79.00

38.40

99.40

Bare
Ground
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Growth Habit

Cool 1

Table 2: Percent cover of vegetative growth habit found in the cool-season and pine sites during the April collection
period on the Clemson Experimental Forest (2007).

Site

Pine 5
22.40

0.00

Grass

10.00

0.00

Forb

7.00

0.00

Grass-like

1.40

16.20

Shrub/Vine

8.50

2.60

18.80

Woody
Deciduous

0.00

0.40

0.00

Woody
Evergreen

39.20

56.60

65.00

Bare Ground
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Growth Habit

Pine 4

13.80

93.80

0.00

0.00

0.00

34.60

1.20

0.00

1.60

4.00

2.00

0.00

0.00

2.20

Pine 3

0.00

0.00

0.00

0.00

31.60

70.20
1.80

0.00

0.00

0.00

0.00

28.20

0.20

1.20

52.80

1.00

0.00

0.00

0.00

22.00

Pine 1
47.20

17.80

0.00

0.00

0.00

4.20

Warm 5

79.60

50.60

1.00

0.00

0.00

Warm 4

47.20

31.60

0.00

2.60

Warm 3

35.80

33.80

0.80

Warm 2

38.00

Pine 2

Warm 1

Table 3: Percent cover of vegetative growth habit found in the warm-season and pine sites during the
July collection period on the Clemson Experimental Forest (2007).

Site

Cool 2

Cool 3

Cool 4

Cool 5

Pine 1

Pine 2

Pine 3

Pine 4

Pine 5

33.33

87.50

90.31

28.05

84.21

66.60

68.21

69.20

5.56

33.33

11.11

0.00

0.00

69.51

0.00

33.31

13.61

0.00

33.33

25.00

Hymenoptera

0.00

0.00

0.00

0.00

0.00

0.00

4.50

0.00

0.00

0.00

Homoptera

0.00

0.00

0.00

0.00

0.00

0.00

4.50

0.00

0.00

0.00

Orthoptera
0.00

0.00

6.46

1.22

10.53

0.00

4.50

0.00

5.56

0.00

Araneae
0.00

0.00

0.00

0.00

0.00

0.00

4.50

0.00

0.00

0.00

Lepidoptera
0.00

0.00

3.23

0.00

0.00

0.00

0.00

15.31

0.00

0.00

Isopoda

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.31

55.55

37.50

Stylommatophora

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

4.17

Julida

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Diptera

0.00

4.17

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Acari

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Lithobimorpha

55.56

8.33

0.00

1.22

5.26

0.00

0.00

0.00

0.00

0.00

Hemiptera

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Odonata
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Order

Cool 1

Coleoptera

Table 4: Percentage of individuals collected in each invertebrate order found in clover and pine sites during the April
collection period on the Clemson Experimental Forest (2007).

Site

Warm 2

Warm 3

Warm 4

Warm 5

Pine 1

Pine 2

Pine 3

Pine 4

Pine 5

45.00

5.56

16.89

16.00

72.34

61.11

69.23

37.50

44.44

32.43

25.00

44.44

78.70

68.00

11.70

27.78

15.39

12.50

44.44

16.21

Hymenoptera
5.00

0.00

0.00

0.00

1.06

0.00

0.00

0.00

0.00

2.70

Homoptera
0.00

5.56

0.00

2.67

0.00

0.00

0.00

0.00

0.00

0.00

Orthoptera

5.00

2.77

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Araneae

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Lepidoptera

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Isopoda

0.00

0.00

0.00

0.00

0.00

11.11

0.00

12.50

11.11

37.84

Stylommatophora

0.00

0.00

0.00

0.00

0.00

0.00

7.69

12.50

0.00

0.00

Julida

0.00

0.00

3.05

1.33

9.57

0.00

0.00

0.00

0.00

5.41

Diptera

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Acari

0.00

0.00

0.00

0.00

0.00

0.00

7.69

0.00

0.00

0.00

Lithobimorpha

15.00

41.67

1.36

12.00

5.33

0.00

0.00

12.50

0.00

0.00

Hemiptera

0.00

0.00

0.00

0.00

0.00

0.00

0.00

12.50

0.00

5.41

Odonata

38

Order

Warm 1

Coleoptera

Table 5: Percentage of individuals collected in each invertebrate order found in warm-season and pine sites during the July
collection period on the Clemson Experimental Forest (2007).

Site
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